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Introduction
In this paper, we consider the following p-Laplacian Liénard type differential equation with singularity and deviating argument:
x(t) x (t) + g t, x(t -σ ) = e(t), (.)
where ϕ p : R → R is given by ϕ p (s) = |s| p- s, here p >  is a constant, f is continuous function; g is a continuous function defined on R  and periodic in t with g(t, ·) = g(t + T, ·), g has a singularity at x = ; σ is a constant and  ≤ σ < T; e : R → R are continuous periodic functions with e(t + T) ≡ e(t) and T  e(t) dt = . As is well known, the existence of periodic solutions for Liénard type differential equations was extensively studied (see [-] and the references therein). In recent years, there also appeared some results on a Liénard type differential equation with singularity; see [, ] . In , using coincidence degree theory, Zhang considered the existence of Tperiodic solutions for the scalar Liénard equation
x (t) + f x(t) x (t) + g t, x(t) = ,
when g becomes unbounded as x →  + . The main emphasis was on the repulsive case, i.e.
when g(t, x) → +∞, as x →  + . Afterwards, Wang [] studied the existence of periodic solutions of the Liénard equation with a singularity and a deviating argument,
where σ is a constant. When g has a strong singularity at x =  and satisfies a new small force condition at x = ∞, the author proved that the given equation has at least one positive T-periodic solution. However, the Liénard type differential equation (.), in which there is a p-Laplacian Liénard type differential equation, has not attracted much attention in the literature. There are not so many existence results for (.) even as regards the p-Laplacian Liénard type differential equation with singularity and deviating argument. In this paper, we try to fill this gap and establish the existence of a positive periodic solution of (.) using coincidence degree theory. Our new results generalize in several aspects some recent results contained in [, ].
Preparation
Let X and Y be real Banach spaces and L :
Let 
Then the equation Lx = Nx has a solution in ∩ D(L).
For the sake of convenience, throughout this paper we will adopt the following notation:
where
.
Lemma . If x ∈ C  (R, R) with x(t + T) = x(t), and t
, and then ω() = ω(T) = . By Lemma . and Minkowski's inequality, we have
This completes the proof of Lemma ..
In order to apply the topological degree theorem to study the existence of a positive periodic solution for (.), we rewrite (.) in the form
x  (t) must be an T-periodic solution to (.). Thus, the problem of finding an T-periodic solution for (.) reduces to finding one for (.).
and 
So L is a Fredholm operator with index zero.
where 
Main results
Assume that
for all x >  and a.e.
For the sake of convenience, we list the following assumptions which will be used repeatedly in the sequel:
(H  ) (Balance condition) There exist constants  < D  < D  such that if x is a positive continuous T-periodic function satisfying 
Theorem . Assume that conditions (H  )-(H  ) hold. Suppose the following condition is satisfied:
(H  ) (
Then (.) has at least one positive T-periodic solution.
Proof Consider the equation
Integrating both sides of (.) over [, T], we have
Then we have
and
Combining the above two inequalities, we obtain
Multiplying both sides of (.) by x  (t) and integrating over the interval [, T], we get
We infer from (.) and (.)
From Lemma . and (.), we have
Since ε is sufficiently small, from (H  ) we know that (
So, it is easy to see that there exists a positive constant M  such that
From (.), we have
From (.), (.), and (.), we let
dt. Finally, we present an example to illustrate our result.
